multiplicities, ranging from simple binary fission to complete disintegration of both the uranium projectile and target nucleus into nucleons and light nuclear fragments. 1 A particular class of uranium interactions we have chosen for study are those that exhibit the classical target-/projectile-fragment topologies, selected by the criteria that the interactions occurred at beam energies 0.75 ~ E/A ~ 0.95 GeV and at least 8 projectile-related fragments (Z ~ 2) and 10 target-related fragments (Z ~ 1) were produced in the interaction. The last criterion insures that the target nuclei pertain to the high Z nuclei in emulsion, i.e, Ag(Br). The measurements we have carried out were restricted to the multiplicities and angular distributions of both target and projectile fragments. Because of the high multiplicities of both target and projectile fragments, statistically meaningful measurements on the angular correlations between target and projectile fragments become possible on an event-by-event basis. 2 The motivation for selecting uranium interactions with Ag(Br) nuclei under the above criteria is visually evident from the micro-projection drawing shown in Fig. 1 . Here, the 0.92 A GeV 238 u beam nucleus enters from the left and collides with a Ag(Br) nucleus to produce an event having high multiplicities of both projectile and target fragments. The projectile fragments (PF) are emitted in a well defined forward cone, but whose mean direction is notably non-collinear with the incident beam nucleus, being deflected downward by about 2° in this event. We point out here that the heaviest element in emulsion, 108 Ag, has a geometric cross section a = 1 .4 b, whereas the cross section of 238 u is a= 2.4 b. Thus, the 238 u projectile can never be fully occulted by a target nucleus in emulsion. Hence, on the basis of a geometric abrasion model there should always be 0°-spectator fragments of the U nucleus. Instead, one sees in this event a void of 0°-projectile fragments (emin = 1.0° in this event), and a striking, but typical, deflection of the entire population of PFs, characteristic of a coherent interaction of the U projectile. The low-velocity target fragments (TF) likewise do not have their usual near-isotropy in angle, but exhibit an asymmetric emission pattern characteristic of a moving, particle-emitting system directed opposite to the deflection of the projectile fragments under the dictates of momentum conservation. In this event a reaction plane can be well defined.
Qualitatively, the class of events that is illustrated in Fig. 1 has the collective effects of "bounce-off" of the projectile fragments, and the "side-splash" of the target, i.e. intermediate-rapidity fragments that have been revealed in the energy-flow analysis of the reaction Nb + Nb at 400 A Mev. 2 Collective flow of matter has also been observed in the The purpose of this investigation is therefore: i} to examine the extent to which the event shown in Fig. 1 is characteristic of the selected class of high-multiplicity U +nucleus collisions, and ii} to learn to what extent the angular. correlations between that projectile and target fragments, and the angular distributions of the projectile and target fragments emitted in these interactions,are dictated by 2-body kinematics.
II. OPERATIONAL METHODS
· Two stacks of 600 ~m-thick pellicles of Ilford G•5 emulsion, of dimensions 4 x 11 x 1 cm 3 (stack 1} and 7.5 x 12.5 x 1.2 cm 3 (stack 2} were irradiated by 0.96 A Gev-238 u nuclei at the Bevalac. The uranium beams entered the stacks parallel to the emulsion surfaces. The range of stopped, non-interacting beam nuclei in the emulsion stacks was 3.05 em. After grid ~ printing and processing, the emulsions from stack 1 were scanned over the beam profile for a distance of 1 em f~om the entrance surface, and in the case of stack 2 were scanned at the entrance edge for entering beam tracks, which were followed until they either interacted or reached their end-of-range. Beam fluences were 1 x 10 3 and 0.2 x 10 3 cm 2 for stacks 1 and 2, respectively. 4 Event Selection:
Of a total of 748 interactions detected in the energy interval 0.75 < E/A < 0.95 GeV, 110, or about 15% of all the interactions with emulsion nuclei fulfilled the criteria that at least 8 projectile-related fragments (Z ~ 2) and 10 target-related fragments and (Z ~ 1) were produced in the interaction. Of these, 49 events were deemed suitable for measurement on the bases they were not obscured by 6-rays from nearby beam tracks (a significant effect in stack 1 because of high beam-track density) and occurred at distances > 80 ~m from either the top or bottom surface of the emulsion pellicle, to permit angle measurements of the emitted fragments over 4~ steradian.
Measurements:
Multiplicity and angular distributions were obtained for i) projectile fragments having Z ~ 2, and for ii) target fragments whose rates of ionization corresponded to Z = 1 particles having energies~ 100 A MeV. The ionization rates, i.e. charges, of projectile fragments were classified as having charge Z ~ 2 or Z ~ 6, estimates that can be made visually to sufficient accuracy in the present experiment.
All emission angles were determined from the vector directions of the incident and emitted tracks determined by measurel'!lent of the xyz coordinates of two points along each track. The points of measurement were separated by distances up to -1 mm, depending on the energy, i.e. multiple scattering, and direction of the emitted fragment. The track coordinates were measured under 1000 X magnification, with microscope-stage readout digitized in 1 ~m units.
Components of the track vectors parallel to t~e optical (z-) axis of the microscope, i.e. normal to the emulsion surface, were corrected for the .. We have defined the principal (unit) vector of emission for N fragments (from either the projectile or target nucleus) to be
where rx, ry and rz are the components of the unit vector of the ~th fragment.
A
The azimuthal and polar angles of the vector r for N fragments are defined to be:
i) azimuth (Eq.2) 6 and ii) polar In order to search for a dependence of ePF on selected intervals of eTF' we evaluated separately ePF for one-half of the events with 8 --The angles eTF and ePF for these data, and that for the combined data described above, are included in Table l 
Effects of Coulomb Scattering:
The extent to which coherent Coulomb scattering of the incident U projectile by an Ag(Br) target nucleus contributes to the deflection angle ePF (=2-3 deg) has been estimated under the following assumptions:
i) The charge of a nucleus is confined to a spherical volume of radius R = r 0 A 113 , with r 0 = 1.4 fm.
ii) The scattering is considered as a two-step process:
First, the pre-collision transverse impulse imparted to the incident ion at velocity v(lab) and impact parameter b is given by ratio appears to differ significantly from experiment. However, the predicted value has a large error associated wit~ it. The reason for this is apparent in Fig. 9 ; namely, the calculated F/B ratios become highly sensitive to the value of eAt* at large angles, increasing rapidly when eAt*> 50° for the representative excitation energies.
As a further check on the internal consistency of our data, -we also evaluated a mean angle ePF based on heavy fragments, Z ~ 6, alone. The motivation here was to determine whether or not the lighter projectile fragments 2 ~ z ~ 6, which tend to be emitted at larger angles, had introduced large statistical fluctuations in the estimates of ePF.
This possibility arises because ePF is based on angle measurements only, with momenta unknown. By restricting the data to projectile fragments l ~ 6 we partially alleviate this effect by limiting measurements to the highmomentum fragments, thereby eliminating any possibility for including mis-17 identified target fragments in the sample of PFs. We also gain some insight on the problem of actually equating ePF with the deflection angle of the proj~ctile nucleus, eu*· The results of these latter measurements are given in Table I ..
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